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polymer with a glass temperature below -35 *C, in con* 
junction with control of molecular weight of both compo- 
nents, a flextole film may be formed by conventional 
thermoplastic methods. The conductive salt, preferably 
UN(CF 3 S02)2). may be incorporated during the polym- 
erization which forms the acrylic polymers. 
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Description 

The present invention relates to a solid electrolyte having ionic conductivity which can be used tor cells, batteries. 

electrochromte displays, and sensors. • . ~ 

Solid electrolytes are desirable in the construction of electrolytic cells, battenes. electrolytic capacitors, and the 
like because the problems of leakage from liquid electrolytes is avoided, there is less need <or protector, against 
overcharging and subsequent instability of the liquid electrolyte system, fabrication ease n enhance* ant lunus^ 
shapes and sizes may be prepared with relative ease. For best results, the sohd electrolyte should exhibit goad me- 
chanical properties, such as light weight with retention of structure over a 

property is ease of fabrication, such as by molding, extrusion, or thermofomiing. Further, to compete wto 'iqukfetec- 
trojtes. the conductivity of the solid electrolyte must be equivalent, or the cell will have very tow capacity or need to 

be undesirably large In size. , " 

Currently known "solid' polymer electrolytes are prepared from mixtures of high polymers or tow nraec^wefem 
organic compounds, non-fugitive solvents and lithium salts. The economically and practically ^s w ^tr^to^date 
involve dissolution of the solid polymer and salts in high boiling point polar organic solvents pnor to the casting of thin 

^Many attempts have been reported to prepare solid electrolytes tree from solvents which have 

properties at room temperature, along with the other desirable features enumerated herein, but no system has proved 

'^ifte^own to the art that polymers of ethylene oxide (PEO) have attrac^e propertJesas grates tortonfc 
conductors, but require solvents such as propylene carbonate or ethylene M ^ e J°^^,^^ 1 ®^ 
references exist to such polymers with one or both ends capped with a f»*^£* nM ""f '^ESSiS 
as a (methjacryloyl group; these polymers may be then polymerized into a ( ^"*~S2S 
solvent for conductivity. The drawback to this approach is that crosslink^ or formation <* a *™t™™^^ 
occurs, which prevents fabrication of the polymers into useful shapes and forms for engineering bf 8 ^^^ 

Typical of the prior art is Takahashi et a... U. S. 4.908.283 which " 
comprising a crosslinked polymer of molecular weight 200 to 3000 of a mo^eth«aylate °rnx^co^e^«rora 
dirnethacrylate or diacrytate ester of a tow molecular weight (degree of 

and an inorganic ton salt Takahashi further teaches a solid electrolyte ceB which Is not cured, but the presence of a 
water-sensitive plasticlzlng poty(alkylene) glycol is also required. hirfhia mlae . 

Thus the need still exists tor a non-plasfcized. met. processable. solid ^T^Z 
trolyte film. I have discovered a composition which is a polymer alloy or mrscble blend of two 
chains a dissolved conductive salt, which composition overcomes the pnorart pnHn^ needtor 
of need to crosslink the conductive composite. In this composrt.cn «found ' * em ^.^^Ttt tote 
polymer blend containing a conductive salt which exhibits a combination of rigidity and flexibility whioh a tows ft to be 
SdTlal. batteries a'nd the like, with no need for solvents, wHh good resistance to^and trtjfh. jaMJ £ 
conduct electricity at least equivalent to the myriad systems based on polyethylene oxide) which do not exhibit the 
other desirable physical properties of the present blends. . . 

More particularly. I have discovered a conductive matrix composition, the matnx composition composing a con- 
ductive matrix composition comprising 

a) froml0to90percentdar.rstporyrner.havir«agla M 
weight of at least 20,000, of polymerized units of 

(i) from 0 to 90 percent of polymerized units ot an alkyl or alkytthioalkyl ester of acrylic or metr«cryOc add. and 
(It) 10 to 100 percent of polymerized units of a pc^(allcyleneoxy)(ineth)acnrtate comonomer of the formula 

» 

C^sKJR-COCHCI^-CHFVOJp-R, . 

where R is H or CH* R, te CV C M alkyl. cydoalkyl. aryi. alkaryf, or arafcyl, J-JJJ* ..^ 

b) from 10 to 90 percent of a second polymer, of weight-average molecular weight at toast 30.000. of pofymenzed 
units of at least one alkyl ester of acrylic or methacrylic acid. .,_„__ 

c) from 0.5 to 20 percent of a conductive salt having alkaline earth or alkali metal cations; 

wherein me first polymer and the second polymer of the matrix ™J^j£^^™"£ 
ductive salt is miscible with the matrix composition. One preferred aspect of the imrertwr , « when ^^ja 
Another preferred aspect is when the second polymer is a copolymer of polymerized unite of methyl rnethacrytate end 
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of ethyl acrylate, and wherein component (i) of the first polymer is ethyl acrylate. 

The following definitions are used herein: 'compatible - means exhibiting physical properties consistent with at 
least an average of the properties of the two components, whilst ■ miscible' means no domains of size above 50 
nanometers, in the blend can be detected, and with a single glass transition temperature (T Q ) of the blend. Percentages 

are by weight. . M 

The invention also comprises a lithium cell comprising a positive electrode, a negative electrode facing the positive 
electrolyte and a solid electrolyte interposed therein, wherein the sold electrolyte is the conductive matrix composition 
described above, formed from the blend of two polymers and a conductive salt. 

The first polymer of the composite matrix composition may be a homopoiymer of polymerized units of poly(alkyle- 
neoxy)acrylate or methacrylate or a copolymer of polymerized units of an alkyl or alkylthioalkyl ester of acrylic or meth- 
acrylic acid with a poly(alkyieneoxy)acrylate or methacrylate. The poly(alkyleneoxy)(meth)acrylate comonomer is of 
the general formula: 

C^sCR-COO-tCHj-CHR, -O),,-^. 

where R is H or CH 3 . R, is H or CHa. and Ra is C, - Ca, alkyl. cycloalkyl, aryl, alkaryi. or aralkyl. and p k (1-1000. It to 
preferred that R, be a C, or Ca alkyl group when pis 3- 1000. A preferred range is p = 3 - 50. When p is less than3, 
R, should preferably be Cg-C^ alkyl. C 6 -Ca„ aryl or CrC M alkaryi group. The methyl esters. i.e. R = CHa, are preferred 
because of their photochemical stability. . . 

The alkyl or alkylthioalkyl ester of acrylic or methacrylic acid component of the first polymer may be such as mssnyi 
acrylate. ethyl acrylate. propyl acrylate. isopropyl acrylate. n-butyl acrylate. sec-butyl acrylate isobutyl acrytate^butyl 
acrylate. hexyl acrylate. heptyl acrylate. 2-heptyl acrylate, 2-ethylbutyl acrylate. dodecyl acrylate. n-hexyl rnethacryteta, 
n-octyl methaciylate. 2-ethylhexyl methacrylate. n-decyl methacrylate. lauryl methacrylate. tetradecyl methawytede, 
octadecyl methacrylate. ethylthtoethyl methacrylate, and the like. . 

The alkyl ester of acrylic or methacrylic acid component of Ihe sscond polymer may be such as methyl acrylate. 
ethyl acrylate. propyl acrylate, isopropyl acrylate, n-butyl acrylate. sec-butyl acrylate. isobutyl acrylate. t-butyl acrylate, 
hexyl acrylate. heptyl acrylate 2-heptyl acrylate. 2-ethylbutyl acrylate. dodecyl acrylate. n-hexyl methacrylate^n-octyf 
methacrylate. 2-ethylhexyl methacrylate. n-decyl methacrylate. lauryl methacrylate, tetradecyl methacrylate. octadecyf 
methacrylate, hexadecyl acrylate, isobomyl acrylate. cydohexyl acrylate. methyl methacrylate. ethyl methacrytete. n- 
propyl methacrylate. isopropyl methacrylate. n-butyl methacrylate. sec-butyl methacrylate. 
butyl methacrylate. 2-ethylbutyl methacrylate. cyclohexyl methacrylate. isobomyl methacrylate, 3,3.5-tnmetnytcy- 
clohexyl methacrylate, and the like. . : , 

Other co-monomers may be present in either or both of the polymeric components of the composition, as long as 
the mutual miscibility of the two polymers is maintained. The polymerizing mixture may contain mercaptan orsome 
other chain transfer agent to control the molecular weight, and the second polymer formed may contain a multifunctional 
monomer at a low level to tower creep in the formed blend, ft is preferred not to use a crosslinker to assure reprocese- 
ability of the matrix, 

A preferred copolymer composition comprises of the following moleculariy misable copolymers: 

a) From 5 to 95 weight percent of a first polymer containing 10 weight percent of polymerized unite of morwmethocy 
polyethylene glycol (Mw=400) monomethacrylate) (MMPEG(400)MM) (found in the Experimental section as Mil ) 
and 90 weight percent of polymerized units of ethyl acrylate; . u . ... 

b) From 95 to 5 weight percent of a second polymer comprising 40 weight percent of polymerized unite of ethyl 
acrylate and 60 weight percent of polymerized units of methyl methacrylate. 

The two stage (methacrylic copolymers described in this invention may be prepared by a process of irveitu bulk 
or emulsion polymerization utilizing commercially available monomers. For best conductivity performance for the re- 
sulting conductive matrix composition, the monomers should be of high purity, and impurities in the polymer which 
adversely affect conductivity or attack the electrodes should be removed. Other suitably adapted polymerization meth- 
ods such as solution and suspension polymerization techniques may also serve to make the polymers. One preferred 
method is the use of a continuous teed stirred tank reactor (CFSTR). such as polymerizing the first polymer in bulk 
and then transferring that polymer, along with the monomers which form the second polymer, nto a CFSTR. If a small 
amount of unreacted monomer is carried into the second polymerization, miscibility of the two polymers will n general 
be increased. 

The weight average molecular weight of the first polymer may vary from 20,000 to 150.000. although higher mo- 
lecular weights may be employed. A preferred molecular weight range is 30.000 to 100,000. The weight average 
molecular weight of the final stage copolymer may vary from 30.000 to 500.000. although higher molecular weights 
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may be employed. A pref erced molecular weight range of 1 00,000 to 200,000 is more than adequate to facilitate ease 
of processing of the polymer blends, whilst maintaining thermal and theological stability of the blend compositions. In 
the course of thermal processing, small quantities of additives may be added to the polymer for the purpose of improving 
the physical properties of the final article of commerce, although for best conductivity results, it is preferred these be 

s kept to a minimum. Examples of additives may include one or many of the following classes of compc^nds^anttaxidants, 
ultraviolet light absorbers, plasticizere, antistatic agents, slip agents, coloring agents, fillers and other compounds. The 
second polymer may be cross-linked after fabrication and combination with the conductive salt is complete, such as 
by an initiator of cross-linking which generates radicals upon exposure to UV fight 

The conductive salt of an alkaline earth or alkali metal may be present in the mixture d monomers prior to initiation 

io of the polymerization of the monomers to form the first or second polymer, or may be admixed into the polymers by 
conventional blending methods ( which may require a small amount of a volatile and removable solvent to assure 
mixing) prior to the formation of the solid electrolyte. The preferred salts are those of lithium, which may be any of 
those taught in the prior art as useful as conductive salts for PEO-related systems, such as UCIQi, UPF* UBF* Li 
(CF3SO2). UN(CF3S0 2 ) and the like, more preferably being LiN^SO^ Other lithium salts with large and soluble 

is counterions may also be employed. Some experimentation may be required to determine the optimum amount of 
lithium salt to be used. 

The compositions claimed herein may be incorporated into a lithium cell comprising a positive electrode, a negative 
electrode facing the positive electrode, and the solid electrolyte which is the claimed composition acting as a means 
for transference of electrical charge. The battery will be useful as a power source of electronic and electrical compo- 
20 nents, and will be rechargeable. A variety of ancillary materials may also be present in the battery including conductive 
wiring, permeable or semi-permeable membranes to prevent migration of electrode species, additives to prevent de- 
posits at electrode surfaces, and the like. | 

The following examples will illustrate the properties of the family of unique compositions. AH compositions referred 

to in the examples are in weight percent unless otherwise specified. 
26 The following abbreviations are used in Tables: MMA = methyl methaciylate; EA s ethyl acrytete; monomethyl 
ether-poly(ethylene glycol(400))-monomethacrylate = M#1; 2(2-ethoxy ethoxy)-ethyl acrylate = M#2; monomethyl 
ether-poly(ethylene glycol(350))-monomethacrylate = M#3; polypropylene glycol (400)>morwmethacrytele = M#4. 

EXAMPLE A 

90 

Bulk Polymerization of the First and Second Polymers: Procedure 

1. First Polymer. The first polymer may be prepared by a bulk polymerization technique as exemplified by the 
following: A monomer mixture was prepared, having ethyl acrylate (EA) : monomethoxy polyethylene glycol (400) 

35 monomethacrytete) (M#1 ) ratio of 9: 1 . The mixture contained 87.7% of ethyl acrylate (E A), 9.7% of monomethoxy 
polyethylene glycol (400) monomethacrytete), 0.07% of 1.1'^obMcyclohexanecarbonitrile) and 2.44% d n- 
dodecyl mercaptan. This mixture was fed into a glass vessel in which the mixture was purged with an Inert gas 
such as nitrogen. After purging, the monomer mixture was degassed and kept under a nitrogen blanket The mixture 
was then pumped at a maximum rate of 15 g/min. through a series of filters into the continuous flow stirred tank 

40 reactor (CFSTR) in which the monomers were copolymerized to yield 86 weight percent monomer conversion. 
The polymerization was accomplished at temperatures ranging from 105 to 1 25 # C. At this temperature range, the 
operating pressure and stirring rate was set at 1 20 psi and 300 RPM respectively. Since the polymerization reaction 
is exothermic, the reactor temperature was controlled with the aid of a cooling jacket The polymerization was 
performed neat i e. in the absence of a solvent 

45 2. Second Polymer The mixture comprising the first polymer and residual monomer was dissolved in a monomer 
mixture which comprises of the following ingredients: 49.9 weight percent of the first polymer, 29.9 weight percent 
of methyl methacrylate (MMA), 19.9 weight percent of EA, 0.03% c* I.V-azobis(cyclchexanecarbonitrile) and 
0.25% of n-dodecyl mercaptan; The mixture was similarly purged with nitrogen, degassed and kept under a nitrogen 
blanket The degassed mixture was fed through a series of filters at a maximum rate of 1 5 gAmin. Into a CFSTR 

so in which the final stage polymerization occurs to yield a molecularty misdbie blend of the two polymers. The for- 
mation of the second polymer was similarly carried out at temperatures ranging from 120 to 125 oC. The stirring 
rate and pressure were the same as that used in the preparation of the first polymec Unpctymerized MMA, EA 
and monomethoxy poly(ethylene glycol (400) monomethacrytete) were removed from the two stage copolymer 
solution effluent in a stripping action with a static mixer equipped with a vacuum pump. The overhead fraction from 

65 the stripping column comprising of unpolymenzed monomers may be passed to a recovery system or, preferably, 
recycled to the second stage of the polymerization process. 

The residence time in the polymerization reaction vessel (CFSTR). the monomer feed rate, the initiator and chain 
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transfer concentration and the polymerization temperature were arranged in order to ensure monomer conversion 
ranging from 80 to 90 weight percent 

EXAMPLE B 

s 

Emulsion Polymerization of the First and Second Polymers: Procedure 

The polymeric components of the composition may also be prepared by emulsion polymerization. An example of 
the general procedure follows. 

1. First Polymer A monomer mixture was prepared, having a ethyl a&rytaAoCE^^^CT^^^^^ri^rt^y^wtho^^poii^^rta^fi^^^o 
glycol(400Hnonomethacrylate (M#1) ratio of 90:10. The mixture contained 54.9%of EA 6.1% riMM, 1-5%c*n- 
dodecyl mercaptan, 36.7% of deionized (Dl) water and 0.8% of a 10% aqueous ^ lu '" dl ^ be ^ 6 j2^ 
nate solution. To an appropriate glass vessel equipped with stirrer, heater, a reflux eorKJenser.8fldnitroge(^rge 

.s tube, was added 97.2% of Dl water and 0.03% of sodium carbonate. The mixture was ^9ed for ™rKXirwtth 
nitrogen while heating to 70 'C. The sparge rate was then changed to a sweep and 2^7% of a 10% a ^°™*"^ 
dode^lbenzene sulphonate solution was added to the mixture. The temperature* the ™" *™ 
raised to 85 -C. At this temperature 1 8.03 ml of the initiator mixture which consisted of 0.34% of ^™ F^ 1 *'* 
and 99.7% of deionized water was added to the reaction vessel. The monomer mixture was then f edinto the 

ao reaction vessel at the rate of 7.56 ml/min. As the polymerization proceeded, the initiator mixture was a*Jed ^ the 
reaction vessel at the rate of 1.3 ml/min. The accumulation of solids was measured every 30 in*""** the 
completion of the initiator and monomer addition, the mixture was he Wat 85 C tor one ^^^J** 
then cooled and stored in a polyethylene jar in preparation for the second and ^^^^lTtSL 

2. Second polymer A second polymer which is a copolymer of methyl mefhacrylate (^ ^A^ formed 
26 in the presence of the first polymer by an in-sttu emulsion potymerizat ta^Mfji ^as fol tows^A n^ome fixture 

was prepared, having MM* EA ratio of 60:40. The mixture contained 37.2% of MMA. 24.8% * 

dodecy. mercaptan, 36.5% of 01 water and 1.2% of a 10% aqueous sodiurnckxlecybenzens 

The monomer mixture was polymerized according to the following procedure. Tb an W^nate glaeevweel 

equipped with stirrer, heater, a reflux condenser, and nitrogen sparge tube, was 

90 the firsTpolymer. and 32.1% of Dl water. The mixture was sparged tor one hour wtth nitrogen h «*« * J° 
•C. The sparge rate was then changed to a sweep. The temperature of the vessel^ then 
•C. Atthrsterr^erature 17.63 mL of the httiatormbrture which consisted of 0.22% ^J^^ P^f^^^S 
of deionized water was added to the reaction vessel. The monomer mixture was then fedlntofhe n^ctton vessel 
at the rate of 4.30 ml/min. As the polymerization proceeded, the initiator mrxture was added * 

* at the rate of 1 .17 ml/min. The accumulation of solids was measured every 30 ml ^ 8 '"*°J^^**? 
initiator and monomer addition, the mixture was held at 85 °C for one hour. The mature ^encorted^fitt^ 
and Dotvmer isolated by f reeze-dryhg. The mixture of first and second polymers may also be isotatedf rom emuteton 
^^Z^t^l^.^ 8 method which does not introduce further tonic impurities is preferred. 

40 EXAMPLES 1-3 

The bulk polymerization reaction technique which is outlined in Preparative Example 
aratton of the two stage moteculariy miscible copolymer system of the following c«r^Joa ^£ "*2*™"£ 
prises EAand pory(et£ylene glycol (400) mcncmethacryiate) (M#1) in the weight ^™*<"^»^J*°^ 
45 polymer is a ccoolymer of MMA and EA. in the weight ratio of 32 respectively and constttutes . tttrirf ™%w/wd 
tWtwo stagepoier content The final polymer was optically clear, and exhtoits srgniftcant 
metal substmteTpolymer electrolyte was prepared from a mixture of the two stage polymer and ^^we^rcent 
tf lithium perchtomte^CIO,) saltir, a common solvent such as acetone Thin film samples 

dried in a vacuum oven and tested for ionic conductivity. The physical propert.es of the copolymer and the derived 
so polymer electrolyte are listed in Tables I and II. 

EXAMPLE 4 

Using the previously described bulk polymerization process of Example A. *molecuterty 
« is prepared as follows: The polymeric blend is synthesized by in situ polymerization d a to w T, Cjccoofynw, 
P(MMA-€A 60/401 m the presence of a molecularty dispersed tow T, (ca. -S3 »C) copolymer, P(EA-M*1). The latter 

o^rwasZ.^ 

SoTJ respectively, to yield an optically clear copolymer. This copolymer was then d»so»ved and subsequently 
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polymerized in a monomer mixture, that comprised the first polymer, MMA and EA monomers m the weight rate o138: 
37:25 respectively, yielding an optically clear, tough, non-blocking polymer that adheres readily rto gtess andmete^ 
substrates. A combination ol optical microscopy and dynamic mechanical thermal analysis (DMTA) has shown that 
the above copolymer system exhibits all of the optical (clarity and dispersed phase < 10 nm in particle size) and thermal 
(single TJ characteristics of a molecularty miscible copolymer system. A physical blend of the two stage pdymer with 
7.53 weight percent of lithium perchlorate (L.CI04) in acetone yields a clear homogeneous solution. Th»i film samples, 
prepared from the solution, exhibited high tonic conductivity. The thermal, electrical and molecular properties are listed 
in Tables I and II. 



10 EXAMPLES 5-7 

In these examples a first polymer of polymeric units of EA and M#1 was combined with a second polymer* 
polymeric units of MMA and EA monomers. In Example 5, the composition of the mixture er^toyed to prepare the 
second polymer was as follows: 40 weight percent of P(EA- M#1 )=90/10). 96 weight percent of MMA. and 24 weight 
percent of EA. A chain transfer agent (alley! mercaptan) was added to the monomer mixture to yield a w^ta^r^ 
molecular weight of 42.6k. The entire mixture was polymerized, as previously described, to yield a blend £ the two 
polymers. Homogeneous solutions were prepared from varying amounts of the polymer composite and lithium satt. 
UCI0 4 . In acetone. Film samples were prepared from the solutions by casting and drymgin a vacuum oven. The 
thermal, molecular and electrical properties of the polymer and polymer electrolytes are listed in Tables I and III. 
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EXAMPLES 8 • 11 

In these further examples, the first and second polymers were formed as in the earlier ^P^^^^ 6 ™> 
the first polymer was a copolymer of EA and polypropylene glycol (400))-mono methacrytete (M#4). The thermal, 
molecular and electronic properties of the polymer and polymer electrolytes are listed In Tables I- V. 

TABLE I 

Second Polymer /First Polymer 

EA-M#1 = 9Sg 
MMA-EA = 60/40/Ex. VP 
MMA-EA = 60/40/Ex. 1-P 
MMA-EA = 60/4 07EX. 1-P 
EA-M#1 = 95/5 
EA-M#1 = 90/10 
MMA-EA = 60/40 /Ex. 4-P#2 
EA-M#1 = 90/10 
MMA-EA = 60/40/Ex. 5-P 
MMA-EA = 60/40/Ex. 5-P 



8-first polymer 
9 



10-firet polymer 

"10 

11 



MMA-EA = 60/40 /Ex. 5-P 
EA-M#1 = 90/10 
MMA-EA = 60/40 /Ex. 8-P 
EA-M#4= 90/10 
MMA-EA = 60/40/Ex. 10-P 
MMA-EA = 60/40/Ex. 10-P 



Composition, %/% | 


MW | 




100 


30,400 1 


-55 ] 


70/30 I 






50/50 | 


30.900 \ 


-58 j 


| 60/40 I 






I 100 I 


29.200. 1 


-54 1 


I 100 I 


| 30,000 1 


-62 j 


| 62/38 - { 


| 36,300 1 


1 -46 j 


| 100 I 


1 25,200 1 


j -62 | 


I 60/40 


1 42,600 


1 -51 | 


J 60/40 


1 52,400 


I " 49 I 


| 60/40 


1 60,800 


| -33 | 


1 100 


1 25,200 


I -54 | 


| 70/30 


1 68,900 


| -24 1 


| 100 




| -39 j 


| 60/40 


| 32,300 


} -39 j 


1 50/50 


| 32,500 


1 -32 j 
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Example # 



Polymer 



MMA-EA = 
6Q/40//EX. 1 -P 

MMA-EA = 

60/40//EX. 1-P 

MMA-EAs 
60/4Q//EX 1-P 

MMA-EA= 
60/4G//Ex. 5-P 



Composition, %/ 
% 

"~ 70/30 
60/40 
50/50 



62/38 



T ABLE li 

Conductivity (fT 1 
car 1 ). 23 'C. 
undoped 

1.2x10* 
2.8 xlO 12 
6.8x10* 0 



Cond, 23 *C. 
oopoo 

6.2x10* 

5.7 x 10* 

1.2x10* 

asxio* 



Cond.,33 # C 
doped 



1.7x10* 



4.7x10* 



15x10* 
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Because knowledge o1 the conductivity, measured by ax. technique, is insufficient for determining the performance 
of solid state electrolytes used in batteries, two all solid state electrochemical cells were fabricated and evaluated. The 
cells, for the purpose of identification, are labeled Cell(A) and Cell(B). Table VI. Each cell comprises a 40.32 cm* x 34 
mils of lithium foil anode. The polymer electrolyte membrane, which acts both as a lithium ion conductor and a separator 
for the lithium anode and the cathode material was comparable in surface area to the lithium anode and 20 mite In 
thickness. The polymer electrolyte of Cell(A) was prepared from a mixture of the following two polymers, P(EA- M#1) 
=90/10y/P(MMA-EA = eo/40^70/30, with 10 wt. % of dry UCI0 4 salt. This yields an ethylene oxide (EO) to lithium ton 
(Li+) molar ratio of 1 .2 to 1 respectively. The cathode layer was prepared from a mixture of 50 wt % TiSj (intercate^ 
compound), 40 wt. % of solid polymer electrolyte and 10 wt. % of carbon acetylene black to form a plastic composite 
(2 mils) which was backed by a 5 mil thick nickel toll current collector. The lithium anode was similarly, backed by a 5 
mil thick nickel foil current collector. The entire arrangement was hermetically sealed between two layers of 0.75' thick 

poly(methyl methacrybte) sheets. 

Cell(B) was similarly fabricated as Cell(A), but differs from Cell(A) in the composition of the electrolyte layerThe 
polymer electrolyte layer of Cell(B) was formulated from a mixture of 2 wt % of dry UCI0 4 salt and 98 wt % of the 
fdlov^ng two stage acrylte copolymer P(EA-M#^ 

of EO to U+ of 4:1 respectively. . ' ~. _ . 

The active cathode material of both Cell(A) and Cell(B) was the intercalation compound titanium disulfide (TOg). 
This material possesses an open structure which is capable of reversible insertion-deinsertton of lithium Ions fiwith© 
electrolyte layer. In the electrochemical discharge process, lithium ions migrate from the anode, through the electrolyte 
layer and become anchored between two sheets of hexagonally close-packed sulfur atoms. The reverse electrochem- 
ical process occurs during cell recharge. The electrochemical reaction of the couple: 



xU+TO 2 <->U x TiS 2 



90 



35 



yields a 2.6V open circuit voltage (OCV) for 0<x<1 . The OCV falls off as the concentration, x, of l> tons in TlSg 
approaches unity. The cell Is then in a fully discharged condition. With the aid of a multkneter. the OCVs of brthCell 
(A) and Cell(B) were determined to be: 2.45 and 3.004V respectively, shortly after fabrication. The current density of 
Cell(B) was also measured and, as seen in Table VI , was comparable to that reported for LimSg cells. 

TABLE VI 



Battery 


OCV(V) 


Current Density, mA/cnr 2 


Typical U/T1S2 Cell 




0.20 


CeD (A) 


2.45 




CeO (B) 


3.00 


0.25 



40 



45 



50 



55 



COMPARATIVE EXAMPLE 12 

For the purpose of comparison, a sample of the 'classical 1 polyethylene oxWeMPEOHJCFgSOa electrolyte was 
prepared and tested under similar conditions as those used to evaluate the acrylic electrolytes. The Pf^f^W 
electrolyte was prepared from a mixture of a high molecular weight PEO (Mw = 1flP) and UCF 3 SOa eatl Jni the .molar 
ratio of 8:1 in moles of EO to U+ respectively. A film sample was cast from the mixture m ac ^*J~T^ 
dried at 50 *C for 48 hours and for a further 24 hours under lull vacuum. The film was then tested for ionic conowivny 
by the complex impedance method. From the data listed in Table VII. it can be seen that the ^ J"*^**"j 
(PEOMJCFaSO, polymer electrolyte was at least three orders of magnitude lower than that of one of the typical lithium 
salt/ polymer blend electrolytes of the present invention. It should also be mentioned that the ionic conductivity values 
determined for the (PEOfeUCFaSOo tall within the limits of similarly measured values in the prior art for this system of 
polymer electrolyte. As can be seen ii Table VII. the electrolyte membrane based on the combination of ^(ethylene 
oxide) and lithium salt (UCFgSOs) approaches usetulconductivity values only above, 73»C. its crystelline to amorphous 
transition region. Hence, lithium polymer batteries using this membrane must operate at temperatures higher than 
ambient, typically around 100 *C. 
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Conductivity, tt 1 cnrr 1 (Example 12) 


Temperature, °C 


Thickness, mite 


Conductivity. fl" 1 cnr 1 


PEO/UCF3SO3 = 69/31 


~73 


— Si 


3.3x10* 


Reference 


25 




1.5x1(^7 


Reference 


73 




3.0x10* 



to Claims 

1 . A conductive matrix composition comprising 



16 



20 



30 



40 



a. from 10 to 90 percent of a first polymer, having a glass temperature below -35 'C. and a weight-average 
molecular weight of at least 20,000, of polymerized units of 



(i) from 0 to 90 percent of polymerized units of an alkyl or alkylthioalkyl ester of acrylic or methacrylic acid, 
lO to 100 percent of polymerized units of a poly(alkyleneoxy)(meth)acrylate comonorner of the formula 



and 

(11) 



CH 2 =CR-COO(CH 2 -CHR 1 -O) p -R 2 , 
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where R is H or CH 3 , R n is H or CH 3 , and ^ is C, - C* alkyl. cycloalkyl. aryl, alkaryl, or aralkyl. and p is 
1-1000; 

b. from 10 to 90 percent of a second polymer, of weight-average molecular weight at least 30,000. of polym- 
erized units of at least one alkyl ester of acrylic or methacrylic add, ... 

c. from 0.5 to 20 percent of a conductive salt having alkaline earth or alkali metal cations; 

wherein the first polymer and the second polymer of the matrix composition are misdble. and wherein the 
conductive salt is miscibte with the matrix composition. 

2. The composition of claim 1 wherein pis from 8 to 10. 

3 The composition of claim 1 wherein the second polymer is a copolymer of polymerized units of methyl methacryfate 
and of ethyl acrylate. and wherein component (I) of the first polymer is ethyl acrylate. 

4. The composition of Claim 1 wherein the conductive salt is selected from the group consisting of LICO* UPF„ 
UBF4, U (CF3SO3). and UNtCFgSO^ 

5. The blend of claim 4 wherein the lithium saft Is UNtCFgSO^ 

6. A lithium cell comprising a positive electrode, a negative electrode facing the prittve electrolyte and a solid elec- 
trolyte interposed therein, wherein the solid electrolyte is the composition of Claim 1 . 
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